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Cooperation between the United States Bureau of Mines and the Safety in 
lines Research Board of Great Britain, continuous since 1924, has made possible 
iis and other payers on safety subjects. Grateful acknowledgment is rade to 
Roresentatives of the Board for their essistance in arranging visits to several 
ig safety stations, and to F. R. Wynne, Deputy Chief Inspector of Mines, for 
arranging visits to mines in Great Britain and other countries in Europe. 


| During the summer of 1927 the writer had the privilege of visiting the 
Cone safety testing stations in great Britain, Belgium, Germany, and France, in 
‘t order named, All of these countries have large coal mines, many of which are 
THed as gassy, Therefore, when the installation of electrical equipment is con- 
“wlated, each of these countries is confronted with the same safety problem aa 
: the United States - the development of electrical equipment that will not 
alte gassy atmospheres which through neglect..or accident might surround the 
‘rpent. The means employed by these countries in safeguarding gassy mines 
“uld therefore be of general interest to ss ’evy engineers in American coal, 
ae and it is proposed to give a brief survey for each of the four countries 
entioned, The third of these surveys covers conditions in Genaany, 


GERMAN PIONERR RESEARCHES 


Any attempt to survey the subject of explosion-proof equipment from an 

“wemational standpoint should include a review of the pioneer work done by 

te in investigating the possibility of using electrical equipment in gassy 

ee Ae in outlining conditions under which such equipment might safely be 

cletrin 1? pammissibility work connected with the investigation of 

Slee cal motors carried on by the United Stxtes Bureau of Mines has been in- 
iced by the pioneer work of Dr. Beyling. His report,® an illustrated treatise 


4 
? printed pages, was translated ana has been used as a reference work, 


\ the Bureau of Mines will welcome reprinting of this article, but requests that 
an Following foo§note acknowledgment be used: "This paper represents work 
dea a cooperative agreement between the U.S. Bureau of Mines and the 
the te t,dines Research Board of Great Britain, Printed by pemmission of 

is ‘rector, U. S. Bureau of Mines. (Not subject to copyright.)" 

engineer, U. S. Bureau of Mines, 
acre Versuche. zwecks Erprobung der Schlagwettersicherheit besonders. 

Reeie er elecktrischer Motoren und Apparate sowie zur Ermittlung 
eneter Schut zvorrichtungen fur solche Betriebsmittel, Ausgefuhrt auf 


r ber } . : g 7 
ny UeltecligG theghatiz chen Vensychat rocks An Geleonietrchen, 1908, 89 pp 
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Review of Beylinz's Report 


A report of the early research work conducted by. Beyling was published 
during 1906 and is divided by him into three sections, as follows: 


1. Experiments of the year 1903, in which tests were made using 
apparatus submitted oy the electrical companies, 


2. Experiments of the year 1904, in which tests were more of a research 
nature, involving the finding of a suitable means of protecting electrical motors 
and apparatus and testing different experimental devices, 


3. Experiments of the year 1905, in which tests were made of motors hav- 
ing incorporated within them protective devices thai had given pron. in the 
experiments made during the preceding year. 


The tests made during the first year showed the inadequacy of existing 
designs and the necessity for much experimental work, 

The tests made during the second year are especially interesting to manu- 
facturers who are designing or testing permmissible-tyne equipment, in that nearly 
every conceivable scheme of protection was tried out during that year's experi- 
mental work, The tests covered the completely closed casing, wire-gauze- 
protected casing, the ldbyrinth casing, the casing with pipe protection, the 
flanged casing, the plate-protected casing, ard the oil-filled casing. 


The conclusions with respect to the various types of protection are of 
interest in that so many of them still hold good after <5 years! experience with 


the explosion-proof type of equipment. A free. rendering of the more pertinent 
conclusions follows: 


Specific Notes | 


Totally enclosed compartment.~ The totally enclosed casing for electric 
motors and apparatus offers a few special advantages, The fire dam 
can not so easily reach the protected and dangerous parts, as a longer 
interval of time is reqaired for this purpose; the danger of an outside 
ignition is decreased thereby, particularly’ in the event of a sudden 
occurrence of large quantities of fire damp. The casing is also very 
resistant to external damage - that is, to fall of rocks or rough treat- 
ment, Finally, it protects the enclosed parts against moisture and dust. 
Against these advantages there is the disadvantage of lack of ventilation. 
Even if one or several holes were made therein, or if other openings were 
provided, the discharge openings, in order to be safe, have to be s0 
small that no ventilation in the- proper sense of the‘ work taxes vlace, 
If, therefore, one wishes to nrotect the coils of motors and of transform— 
ers and the resistances of starting ard of regulating. devices by means of 
closed casings, one must reckon with a considerable. drop in the efficiency 
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of this apparatus, owing to poor ventilation. Therefore, these apparatus 
mist have greater dimensions than would otherwise be necessary under. the 
same circumstances; the initial cost and the cost of operation are thus in- 
creased. In order to obviate this undesirable feature, a different method 
of protection from fire damp is needed - that is, one that allows the heat 
to escape from the protected parts. If one rejects oil protection, there 
remains, for the attainment of this object, only a ventilated casing; that 
is to sav, the protected space must communicate with the outside air through 
larger openings. But in order that the flame of a fire damp ignition 
occurring within this space should not communicate itself to the outside 
gases, care must be taken that the gases cool off sufficiently prior to 
their escape. The cooling can be accomplished in different ways. Such cas- 
ings form a contrast to the totally enclosed casing in that the protective 
action of the totally enclosed casing is based on the fact that the hot 
combustion gases of a fire-damp explosion are retained in the casing as far 
as possible whereas the gases can escape from the casings with other pro- 
tective devices after having been rendered harmless. 


Gauze-protected compartments.- The experiments show that the vire-gauze- 
protected casing can be used to protect electric motors and apparatus against 
the danger of fire damp, if no intense ventilation prevails in the enclosed 
space. If such ventilation is present one must reckon with an intense efter- 
burning which may lead to outside ignitions. The ventilation caused by ro- 
tation is especially harmful wnen the gauzes are near to or form part of the 
revolving portions. . 

_ The widespread view that wire gauze, which is an excellent protecting 
device for mine lamps, can also be used as a safeguard for electric motors 
and apparatus has not been corroborated to the full extent by the experi- 
ments made therewith, but, on the contrary, the wire-gauze casing presents 
some difficulties and does not always afford safety. Moreover, the gauzes 
May be easily damaged by external causes and become:. dangerous. In view of 
these defects an endeavor has been made to find another more adequate casing 
which possesses the advantage ofthe wire-zauze-protected casing - namely 
the ventilation of the enclosed space - without being beset by its drawbacks. 
Since ventilation was desired, only such casings were considered as provided 
communication from the interior to the exterior of the housings through largs 
ovenings; the task was to provide some method of ccoling the escaping gases 
other than that provided by the cooling action of wire gauze. | 


Labyrinth protection.a The labyrinth casing does not seem to be suitable 
for the nrotection of electric motors and apparatus. Besides, it does not 
allow any appreciable ventilation of the enclosed space, oving to the small- 
ness of the passage and the resistance met with by tne cooling air on pass- 
ing through the plates. | eS 


Flanze-protected casings (slightly separated joints).4- The flange-protected 
casing (having an air-gap between two wide flanges) has no practical value 
for the protection of electric motors and apparatus, because it does not 
allow any appreciable ventilation of the enclosed space. The observations 
however, made on the occasion of the tests performed with this protective 
device, were of great usefulness for the further tests which aimed at find- 
ing a suitable substitute for the wire-gauze-protected casing. 


SE Rea ek ASL ASIA Sh AP OAR Set DAE RAE AS ARO I i SELENE, 

a The conclusions under headings "Labyrinth Protection" and "Flange-protec- 
ted casings (slightly separated joints) " should be congidered only from 
the objective of the experiments, which was to find a compartment which 
Would give considerable ventilation and pressure relief.’ Both of ‘these 
types of protection are ussa quite extensively in Gerniany. 
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Plate-protected casings.- The plate-vrotected casing shold be a sub- 
stitute for the wire-gauze-protected cxsing, It shares its advantages 
without being beset by its drawbacks; for this reason a short compari- 
son betveen the two seems advantageous. | 

There is a certain agreement detween the two casings in their 
action. In both the ignited gases can escave in a finely subdivided 
Condition through narrov openings and mast flow along metallic walls 
which give them an opportunity to cool off. The advantage of the plate- 
protected casing consists in the fact that the wess of the heat-absorb- 
ing body is much larger, and that the discharged gases must remain in 
contact therewith for.a longer time than in the case of the wire-gauze- 
protected casing. In consequence thereof it still affords safety if 
the pressure and hance the velocity of the hot gases is high and the ab- 
sorption of the cooling body is very large. But since beginning at a 
certain pressure the cooling action is sypolemented or replaced by 
other fzctcrs, the safety of the plate protection is therefore unlimited, 
whereas the wire-gauze enclosure fails at a certain pressure which varies 
with the number of layers. | 

The other drawbacks of sauze-protected casing either do not exist or 
are present to a slight extent in the plate-protected casing. terburn- 
ing occurs seldom and is of short duration. Its consequences are there- 
fore lezcs to be feared; it can not cause incandescerce and excessive 
heating of the protecting metallic plates, The plate protection is much 
better safeguarded against external daxaze by its greater mechanical 
strength; in good designs, . even small punctures, wnich may occur 
througn injury to the wire-gauze, are immossible. For this reason, the 
plate-protected casing requires less suncivision. 

The most essential advantage of the wire-gauze-protected casing, 
the attainment of good ventilation, can also be obtained by the plate- 
protected casing. The plate protection must of course have larger 
dimensions if the ventilation is not promoted by artificial means. 


As in the wire-gauze protection, excessive onenings proved to he 
dangerous in the plate protection also, inasmuch as the protection de- 
pends on the cooling effect, An increase cf 1 millimeter in a single 
slit was enough to bring abcut outside ignitions. Therefore, if sich 
devices are to be practicable, great care must be taken in their manu- 
facture, If the device is equipned with but a small number cf plates, 


notice must be taken that a high pressure is capable of arising within 
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the casing. Hence the casing walls must receive a corresponding tnick— 
ness, The strengthening ox the casing walls is also required on account 
of tne high pressure which may arise in consequence of subdivisions of 
the enclosed space or in consequence of rotation. In order to revent, 
as far as can be done, the cccurrence of a high pressure in the casing, 
the discharge opening should be made as large as possible, In addition 
to the arrangement of mumerous plates, this is attained by enlarging 

the inside diameter of the plates to the greatest extent allowable. 
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| The plate~protected casing affords absolute safety if the plates 
are not more than 0,5 millimeter (0.02 inches) apart, if the width of 
the flanges amounts to 50 millimeters {1.97 inches), the thickness to 
0.5 millimeter (0,02 inches), and if all the parts of the casing have 
such dimensions as to be capable of resisting high pressures. 

The safety of plate protection is independent of the content of 
the enclosed space; of the magnitude of the total discharge opening, 
which in its turn is conditioned by the number of slits and the magni- 
tude of the inside diameter of each plate; of the position of the ig- 
nition point; and of the composition of the fire damp mixture. 

The larger the total discharge. opening in comparison with the en- 
closed space the greater is the effective cooling action of the plate © 
protection and the smaller is the pressure arising in the casing. 

Openings in the casing, if larger than the slits, are dangerous. 

The afterburning of the fire damo seldom occurs, and has a long 
duration only when the encloséd space is ventilated artifically with 
great intensity. The safety of the casing is not harmed thereby, 

By means of the plate protection one may obtain a practical, use- 
ful and absolutely explosion-proof casing for electric motors and — | 
apoaratus. With further improvement and test of this protective device, 
one Could consider the problem, which was proposed at the beginning of = 
the fundamental tests, as solved, | 


Gene ral Conslusions 


Beyling's report closes with a set of conclusions based not only upon the 


*meriments made using various types of exnerimental protective devices, but also 
spon later tests made with motors and other apparatus equipped with protective 
“vices built as a result of the earlier experiments. These final corclusions, 


“Sough rather extended, are so mich to 
‘tem in their entirety: 


v379 


the point that it has seemed-best to quote 


Various Types of Casing Discussed.~..O0f the various protective devices for 

electric motors and apparatus which had been subjected to a detailed test, 
the labyrinth, the pipe, and the flange-protected casing, proved to be in- 
sufficient or unsuitable. ‘The following have been found useful on the | 
basis of the tests: ‘The closed casing, the wire-gauze-protected casing, _ 


the plate-protected casing, and: the oil-filled casing. 

Tne totally enclosed casing can be used only for apparatus that does. 
not become considerably heated and does not require, therefore, any vénti- 
lation of the enclosed space. As’ it must be made very resistant to explo- 
Sion pressures, it is heavy, but it offers the advantage of being very re- 
Sistant to external injury. 7 Se ee ae 

The wire-gauze-protected casing allows very good ventilation of the 
enclosed space; it is cheap and light. ‘The mechanical resistance of the — 
Wire-gauze area is very small, and the consequences of afterburning are 
harmful in the case of artificial ventilation. 
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The plate-protected casing likewise gives the possibility of 
ventilating the protected parts; but such ventilation, in the absence 
of an artificial one, requires large dimensions of- the protected de- 
vice and.hence entails a higher cost than in the case of the Wire- 
gauze protection. Its mechanical resistance, nowever, is incomparably 
greater, and its safety is not endangered by afterburning. 

The oil-filled casing does not allow the mine gases any access 
to the sparking parts, and therefore affords the. dest protection, 
Its field of applicability is limited, however, 

The most important dedc:ictions from the tests with regard to the 
practical construction cf these casings, and those wnich must there- . 
fore be taken into consideration in the construction of oxpEceton= 


proof motors or apparatus, are as follows; 


Details covering construction.- For all casings except the oil- 
filled casing too great subdivision of the enclosed space, and 
particularly the use ol several Jarger spaces connected by constricted 
passages, ar? to be. avoided. Care should be taken lest such connec- 
tions be made tnrough the oil chambers of motor bearings. 

The joints between the various parts of the casing, as well as 


the surfaces of contact of lids, doors, covers, etc. should be built 


in the form of wide, smooth flanges. 
It is not advisable to use rubber, acbestos, or other such material 
for gaskets. If, howaver, gaskets are used, they must be placed in such 


@ way that they will not be driven out by the high pressure arising 


within the casing. 

Shafts and spindles should traverse the casing wall through long 
metallic bearings (50 millimeters, if possible) (1.97 inches). which in 
turn should be solidly connected with tie protecting casing. 

Tne same holds for the passage of connection cables; tne lead 
entrances should be sealed with insulating compound. Rubber bushings 


should be avoided. 
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Hollow shafts should be filled with insulating compound. 

All screws should be so secured that they do not become loosened 
in operation and thus give rise’ to through-holes. 

In the completely closed casing all parts should be able to re- 
sist a pressure of 8 sae coat Holes for the release of pressure 
should be avoided, 

In the wire-gauzé-protected casing stanfard, flame-safety lamp 
Wire-gauze with 144 meshes per square centimeter and wire 0.35 milli- 
meter (0.014 inch) in diameter: should be used, Wire-gauze with a 
larger width of the me she s or smaller thickness of the wire should be 
avoided, 

The wire gauze shoulda be made of bronze or oe coated steel. 

It must be uniform, free from flaws, and clean. 

The total protecting gauze area (the sum of all superposed gauze 
areas) should be at least 150 square centimeters per liter (658 square 
inches per cubic foot) ‘of gas content of the enclosed space. 

The wire gauze should consist of at least two layers. 
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The distance betveen the gauzes should not be less than 5 milli- 
meters (0.20 inches) and not more than 20 millimeters (0.79 inches), 

Larger gauze areas should be provided with reinforcement. 

The wire gauze should de - arranged as & resovable ‘part. to allow 
easy insvection and replacement of gauze. 

All openings in the casing should: be carefully avoided. 

Tie gauze areas should be so niaced that the aftcrburning flames 
do not strike the gauze , and 50° tant BomEuete Die substances can noe 
fall upon them, 

The wire’ gauze should Bat be fastened by means of solanrine. It. 
should preferably be stretched in substantial fra.ces or similar devices 
and bolted securely. 

Tue wire gauze should be seinen aiaiwet. external damage a 
perforated plates or similar means, a 

Plate-protected casings.— In ‘the plate-protected casing the anmlar 
metallic viates should have flanges 50 millimeters (1.97 inches; wide 
and by 0.5 millimeter (C,02 inch) thick and should be so arranzed through 
the inserticn of suitable spacers that the maximum separation (width of 
slit) between them does not exceed 0.5 millimeter (0. 02 inch). 

The assembling of the plates should be done very carefully, No 
slit should be wider than.0.5 millimeter (0.02 inch), 

The material used snould be bronze, brass, tin-coated steel, or 
zinc-coated steel, 

All open holes should be avoided, The int terior of the enclosed | 
space should be connected with the out side air only through the slits 
between the plates, 

To avoid excessive intérnal. pressure, the number of the eisted | 
(slits) and the inside diameter of the plates should be made as large 
as possible, ; 

If the total discharge opening is made smail in ‘comparison with 
the gas content of the casing, then all the parts of the casing should 
be strong enough to be capable of witas standing a a, pressure of several 
atinospneres, 

Tne plate assembly should be placed in removable parts so as to 
make convenient. inspection.and replacement of plates possible. 

The plate assembly should be protected against external injury by 
a Cover, 

Oil-filled casings.+ The oil casing z:must be liberally enough 
dimensioned that escape of sparks above tue oil level is prevented, 

The required height of the oil level should be determined by the 
manufacturer by means of a pr ractical test and indicated by him by a 
Special mark, _ 

The height of the oil level should be evident without es the 
Casing, 

Contacts or . other cur: -ent-—carrying parts waich are inmersed in oil 
mst be such as not to cause an intensive decomposition or gasification 
of the oil when the circuit is closed or opened, 

The casing should be made in such a way that the sparking parts 
are not laid bare in consequence of excessive movement of the oil. 

If the escaning of the: sparks from tue oil.can not be prevented, 
then the oil box itself should be enclosed accoréing to the principles 
of a closed casing, 

a 
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Tnese points should serve to indicate how the casings are to be 
made in order that the particular nrotective devices on which their 
safety is based: should be efficient. 

General.consideration.- In addition to this, there are a number 
of construction devices which contribate to inereasing safety in other 
ways. Such, for instance, are the interlocks designed to allow the 
opening of the protected casings only when the spark-producing parts 
are cut out of the circuit. A similar precaution requires the use of 
lead seals, so that only specially authorized, qualified persons can 
open the casings. To prevent short-circuit sparks, care should be 
taken that no bare wires or terminals should be placed outside of the 
casing. The casing should be made strong enough so as not to be 
broken by falling rocks, . | 

The casing should not be made too small. For the smallness of 
the enclosed space hardly contributes toward increasing the protection 
against fire damp, it renders difficult the exchanging of brushes and 
the access to any other enclosed parts. The casings should also be 
provided with solid and tight glass windows which will allow the 
interior to be observed without opening the casing.> 

In actual operation, tho protected casings should te maintained 
in the condition which conduces to their safety. Particularly the wire- 
gauze-~pratected casing requires close supervision. The gauzes should be 
kept clean and should ve inspected frequently. In the oil-filled casing 
the height cf the oil level should be observed regularly; care should 
also be taken to have suitable oil. The plate protection should be pro- 
tected against dangerous changes by its inherent strength; nevertheless, 
dust and moisture snould be removed as much as possible. The closed 
Casing requires the least attention, 

Selection of casing for specific service.- Finally, let us discuss 
briefly.the question as to what kind of casing is to be selected for 
each electric apparatus, 

Small motors such as those used for drilling machines and small 
coal-cutting machines should be equipped with a totally enclosed casing. 
They are also protected thereby against the adverse external conditions 
to-wnich they are exposed, 

In the case of larger motors, such as those used for driving 
auxiliary ventilating fans, larger coal-cutting machines, portable air 
Compressors, auxiliary pumps, and hoists, it is advisable as a rule to 
enclose the windings and, in particular, the sparking parts. 

For the latter are more likely to cause ignition of fire damp than 
the coils; they can also be more easily protected against fire damp be- 
cause they do not need any ventilation. The closed casings are suitable 
for the protection of motors up to a certain size. Beyond this the wire- 
gauze or the plate-protected casings are to be preferred because they are 
lighter. For the frame of the motor, it is best to use the plate pro- 
tections. | 
a) Observation windows are no longer used. The winiows referred to here 

mean the gauge glasses for otl-filled casings. 
ope 
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In the mine workings proper, motors up to 30 horsepower together with 
the apparatus belonging thereto, are commonly used, As these are the | 
most exposed to the danger of fire damp, especial attention has been 
paid in our tests to the consideration of equipping such apparatus with 
explosion-proof casings, But the protective devices which have been 
discussed can also be used for motors up to 50 horsepover, 

Still larger motors are used principally for pumms, hoists, larger. 
fans, and compressors and are installed near the downcast shafts or near 
underground places that receive fresh air, It is therefore hardly 
necessary to equip these motors with an explosion-proof casing. If, how- 
ever, such a protection is desired, it will undoubtedly be sufficient to | 
protect the sparking parts; this can be done by means of the wire-gauze- 
and-plate protection, The enclosing of the windinzss of very large 
motors would meet with considerable difficulties, It is not necessary, 
however, because the ignition of the fire damp througn the windings is 
almost out of the question. In the first place the motor is situated 
in the fresh air current; it could not, therefore, be surrounded by mine 
gases except in the case ‘of an extraordinary disturbance; even then the 
windings would have to te injured at the exact instant this umsual 
accident occurred. Such a coincidence of events need nat-be provided for. 

For apparatus that does not require any ventilation, such as switcnes 
and fuses, it is best to use the closed or the oil-filled casing. Tho . 
contacts of starting and regulating resistances should be protected by a 
Closed casing. Resistances which mist dissipate heat may be immersed in 
oil in the case of starting resistances, but regulating resistances snould 
preferably be ventilated by wire-gauze or plate nrotection. - 

_ As a rule, the oil-filled casing will be sufficient for transformers, 

So. far as the danger of igniting fire damp by electric motors and 
apparatus is concerned, there are no longer any difficulties in the way of 
completely utilizing thc great advantages offered by the elsctric power 
transmission for underground work, particularly in the mine workings 
proper. ‘Thus, despite the many initial failures, the object aimed at has 
enetty been attained by means of neooeees’ and often dangerous. routes 


‘GERMAN REGULATIONS FOR THE CONSTRUCTION OF FIREDAMP -PROOF 
| ELECTRIC MACHINES AND APPARATUS 


The regulations of 1926 cover the essential requirements which electrical 
*talpment had to meet at the time the visit was made. These requirements are in- 
tlided among other electrical regulations ina booklet# prepared by Dr. C. L. 
edd and published by Julius Heprenee? of Berlin. A free rendering of these 

‘gilations follows: . er a re 


Regulations for the eesdaseidies of Firedamp-Proof 
Protective Devices in Electrical Machines, 
Transformers, and Apparatus. (Effective Jamuary 1, 1926.) 


a aaa eo EO A eh Og Oe oe ce ce me ae ee ree ee ee re cet ee ener mr eee nce cP et SPD SCS 

4 Weber, C. Le, Erlauterungen zu den Vorschriften fur Errichtung und Betrieb von 
Starkstromanlagen einschl. Bergwerksvorschriften. Published by Julius 
Springer of Berlin, 1927. 
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Paragraph 1. All machines, transformers, and app2ratus which are 
intended for use in saseous paces in mines must meet the existing rezu- 
lations, rules, and standards® of the Association of German Electrical 
Engineers, as far as is not otherwise stated in the exceptions which 
follows. 


Paragrapn 2. All parts of electrical machines and apparatus, which 
give rise to sparking in normal operation, mist de enclosed in firedamp- 
proof casings. The following casings are considered firedamp-proof 


(In addition to the classes described in (A), (B), and (C), wire- 
gauze enclosures used as in the Davy safety lamp were permissible up to 
this time. These enclosures do not protect machines, etc., because the 
Wire gauze may get dirty or be destroyed by blows or by rusting. Gauzes 
have therefore been abandoned.) 


(A) Sealed compartnents.- Totally enclosed compartments niust mcet the 
following recuirements: 


1. In the case of machines or apparatus having an air capacity greate 
than 1 liter, all parts of the enclosure mast be designed for a pressure of 
8 atmospheres above atmosplieric pressure; tl.ose having a eee air capacity 
for a pressure of 3 atmospheres above atmospneric pressure;® subdivisions c¢ 
the enclosed space which are connected by small openinzs and therefore may 
be subjected to excessive pressures should be avoided. z 


c In addition to these construction rules the following should be noted: 
Rules for the design and testing of slectric machines, R.E.M./1923; 
Rules for Rating and test of transformers, R.E.T./1923; Explanatory 
notes on the construction and testing of alternating current high- 
tension apparatus for 1,500 volts nominal voltage and upward; Rules 
for the construction, testing and use of switching apparatus for up 
to 500 volts alternating current and 3,000 volt direct current, 

R.E.S. /1928; Regulations for insulated circuits in power installations 
1926; Regulations for the construction and testing of installation 
material, 1926. 

For the scope of electrical operation in mining see Phillippd, ETZ, 1926 
p. 997; and Glickauf, 1925, p. 807. The permissibility of specific 
types of applications, machines, and apparatus is determined by the 
mines officials (see par. 12). | 

The above specified resistance to pressure is not required in the sense 
that the specified pressure must be withstood continuously during 
operations, so that an air-tight seal would be required, but the en- 
closure must withstand a sudden pressure caused by an b eapronree vwith— 
out being broken or having its fastenings torn. 

The air gap between the stator and rotor does not act as a small open- 
ing because of its considerable total area. 
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2. The joints of those parts of comyartments and housings fitting 
against each other, as well as the joints cf lids, coors, and covers, must 
be formed by broad smoothly machined flances.& Gaskets are preferaoly 
avoided; in case they are used, they mist be apnlicd in such a manner that 
‘they-can net bo pushed cut by the.force. of. an explosion. Gaskets. of rubber, 
asbestos, and -gimilar ‘perishable material . are not permitted.2 Screws, 
rivets, etc., used to fasten on such covers must not pass through the walls 
of the Nousing but smmust ené-in. bottomed holes,™: The fastenings of the lids 
must be so secured-that .they. ean not 290808 in operation and can aes be. 
opened with special appliances... iets ae Oa ten 2 e _ 

5. Shafts and spindles shall ve carried through the casing ‘walls in’ 
long metal -businzs firmly attached to the housing.“ Lead.entrances must be 
so sdaled that they will safely withstand the ,ressure of the’ explosion. 


(B) Piatecpiatectsa cesings.— Plate vrotection ‘fonctions ‘because ‘the = 
gases forcted:out efter an. internal ignition by the resulting expansion are | 
cooled to sc low e temperature in vassing through the plates that the igni- 
tion can not: be. transmitted + bo the outside. On. ignition, the internal” . 
pressure can not become so gveat as in totally enclosed compartments. Still, 
one trust count on a certain pressure, ani therefore sucficient strength of 
housing parts and their safe assembly must be,provided... This is especially 
emphasized by the ruling under section B3. Plate. protecticn is especially 
Suitable for machines and apnaratus of large internal volume - for storage 
battery boxes, for exampls. Plate protection consists of arranging. stacks _ 
of metal plates in openings in the housing; the plates are maintained at © 
definite intervals by spacers.. 

Plate-protected casings must conform to the following ‘requirements: 


1. Te retal platés must be at leest 50 millimeters (1.97. inches) - 
wide and 0.5 millimeter (0.02 inch) thicx; they must: be so fixed by suitable 
spacers that the intervals do not exceed 0.5 millimeter (0.02 inch) and can 
not be increased by bending of the cae Plates subject to rust are net 
permissible.™ 7 i re 3 


g The width of tlanges 58 for “closely fitting surfaces can te less ‘than for — 
those not closely fitted. In the first case 8 millimeters is regarded 
as the minimum widtn, in the second case 8 millimeters for spaces up to 
the 1 liter, and 25 millimeters for greater sneces. 

Care must be taken to prevent the pusncd-out packing from opening up a 
broad crack through which an explosion occurring inside of the enclo- 
sure can be transmitted to the outside. As is explainzd in note e of 
paragraph 1, an air-tight enclosure is not required. Narrow cracks 
(slits) can act as a relief for the pressure of explosions, out lixe the 
plate protection -mst prevent the transmission of ignitions to the out— 

_. side of the compartment. . 

The omission of a screw snall not cause a thr ough-hole in the wall of 
tne enclosure. 

i The "special appliance" sali not ds accessible or available to every | 
miner, ‘but only to authorized nersons. Tho device must therefore be, 

for example, a special ixey. (head seals are not sufficient. 

k Hollow shafts vassing through the housing walls must have tneir bores 

sultably. sealed. 


tow 


Jr 


l The metal of the plates trast have ‘sufficient rigidity, and individual 
slits snould not de “too long. The total - area, of alt the slits mast 
be as large as possible.: - 

m Zinc-free aluminmym bronze is, for ‘Gnetanes: mpanaeeias material. 
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2. The plate assembly must be protected. from external injury, and must 
be so assembled that it can ba removcd only with special appliances. 


&. The conditions of (A), sections 2 and 3, must be fulfilled. Long 
continued high pressure can not taks place with plate protection. The con- 
ditions of (A) 2 and (A) 3 must only te considered with respect to sudden 
excessive pressures. 


(C) Oil protection.- Oil protection consists of building the whole 
apparatus - with resvect to those parts liable to sparking or overheating 
due to current - in containers filled with resin-free and acid-free mineral 
oil. 

These containers shall be designed with an oil level so hign that the 
occurrence of sparks above the oil level is prevented. The necessary 
height of the oil level must be fixed by a mark. ‘The height of the oil 
level must be evident from the outside. 


Paragraph 3: For portable machines, transformers, and apparatus, 
oil-protection is not permissible. (Those installations whick are fed by 
a flexible conductor are corsidered portable; not those which at certain 
intervals are moved to a new place and then again are permanently 
connected. ) 

The oil protection can 6 built very satisfactorily; nevertheless in 
portable appliances rough handling as well as accidental breakage from 
falls of roof, etc., must be considered. Ignition resulting from breakage 
.of the oil reservoirs is especially to be feared because of filling 
haulagzeways with smoke. | | 


Paragraph 4: Such parts of mac shines, transformers, and apparatus in 
which sparks occur or overheating may take place only in exceptional cases 
are built for greater safety than is ea by standard specifications 
and especially are safeguarded as follows: 


l. By a special meohanical uobust ion of the live parts azainst 
personal contact as well as against injury and short-circuit by foreign 
bodies. 


2. By lowering the allowable maximum temperature rise in the pre- 
viously mentioned regulations, rules, and standards by 10°C. | 

Alternating-current induction motors require an air gap 40 to 60 per 
cent greater than in normal design between stator and rotor. (See D.I.N. 
V.D.E. 2650 and 2651.) 7 


Paragraph 5: In a.c. motors with short- circuited rotor, joints be- 
tween bars and short-circuiting ring must be brazed or some. otner similar 
safe method used. | 


n Starting resistances shall be so constructed by the prover choice of 
materials, proper dimensions, and design that they are protected from 
glowing temperatures or injury ‘under all conditions. 
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Paragraph 6: Liquid rheostats are prohibited.: (There is no sure 
means of protectinz liquid rheostates under all conditions from evapora- 
tion with: resultant sparking. ) 


Paragraph 7: In the case of metallic resistances, sp2cial safety 
devices may be omitted if, at the same time:9 


1. The load on the material is so low that a dangerous rise in 
temperature is precluded. | 


2, The resistanco material is ragged enough that it will not break 
in ordinary operution, and is firmly enough mounted that its parts can 
not short-circuit, 


3. Foreign bodies or drops of water are prevented froi falling in 
oy a proper covering, | 


4, All wire connections are soldered or otherwise sccurely mace, 


Paragraph 8: All screw-fastened contacts - connection terminals of 
motors, resistances, etc, - which are not protected by enclosures must 
be so safeguarded that a loosening of the ecrew, resulting in poor con- 
tects, can not occur. | 


Paragraph 9: Contact plugs must be constructed so that the plugs 
seat themselves tightly in the sockets and allow no sparks to occur while 
in the operating position. They must be interlocked with a firedamp-proof 
switch in such a manner that insertion and withdrawal of the pivg is 
possible only when the connection is dead. | 


Paragraph 10: Fuse compartments must be combined and interlocked 
with a firedamp-proof switch in such a manner that cartridzes can be taken 
out and replaced only when ‘they are dead. Fuses can be used only in locked 
enclosures which must be made firedamn—-proof to conform to Paragranh 2A, 
provided the plugs themselves are not firedamp-proof.? 


Paragraph 1l: Only rubber-covered cables of strong corstruction can 
be used as flexibls conductors (NSH "Regulations for insulated circuits 
in power installations.")4q ae 


The rules for design and testing of starters, etc., limit the allowable 
rise in temperature. Here an especially reliable design is required. 

The opening for the tell-tales for fuses is sealed in the firedamp- 
proof screw plugs. 

All flexible cables used must be examined at regular intervals, and wnen 
defects arc found must be imnediately exchanged for entirely depend- 
able cables. It is recommended for all gaseous mines that flexible 
cables be replaced.after a specified period. of use. In oil: mines and 
oil shafts, rubber-covered cables without a special protective armor, 
are specially endangered since rubber is chemically acted upon by oil. 


jo 
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Paragraph lé: Machines, transformers, and apnaratus other tuan of 
the described construction arc permiesible if they have been snorn to be 
firodamp-proof by special tost in an authorized firedamp tosting pllery.? 


r Also machines, etc., meeting ths Srecoaine regulaticns are subj:-ct to 
the aptroval of tne Department of Mines, The later cetcrmines in 
what manner the contents of the regulations are interpreted and 
which designs are permitted for particular cases, These regula- 
tions are not applicable without further expansion to onerations 
in which other gases or vapors (berzire, hydrogen, etc.) than fire 
damp, give rise to specific hazards, They can, nowever, de used as 
the basis for such specifications. 


GERMAN EXPERIMENT STATION VISITED 


On September 2, 1927, accompanied by G. Allsop of the British Sarety in 
Mines Research Station, J. A. B. Horsley, H. M. Electrical Inspector of Mines, 
and Herr Stoeck, Director of C.E.A.G. Work in Dortmund, the writer had tne 
pleasure of visiting the German Mines naponeens station ae a whic. is only 
a short: ereeanGs from Dortmund, : ey 

tieeteveal equipment, flame safety, lamps, and explosives are tested at 
this station. The —S safety lamp station is similar. to those in 3elzgium and 
the United States. lamp-testing gallery used in the Pittsburgh station vas 
Ona ee from plane obtained in Belgiun. 


Tae gallery in which motors are tested is similar to the ono built tor 
the earlier tests at the original RUBE testing station in Gelsenkirchen, 


A motor or other piece of Smee veness apparatus is subjected to three 
tests in gas (methane). 


Detailed drawings are required of any equipment that is to be subritted 
for tests, and a great deal of attention is given to the preliminary examination 
of these drawings. As shown by the regulations quoted, consideraole information 
is given as to the construction for this type of anparatus, and Sop is 
carefully examined to see that it comes within the limits snccified, ‘Pne offici 
gallery facilities in Great Britain, Belgium, and Germany do not appear to oe so 
convenient as at tne Pittsburgh testing station for maicing a laree number of 
tests quickly, 


REGULATIONS IN GERMANY AND THE UNITED STATES CONTRASTED 
A study of the chief points set forth in the regulations ‘reveals a very 
Close agreement with the U. S. Bureau of Mines requirements for permissible equi 


ment. There are a few minor differences such as the permitting of gaskets betwe 
joints, which the German regulation allows but does not encourage; the requirerac 
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of special tools for renewing the fastenings to all permissible compartments, 
which is a step farther than American requirements have gone; and the climination 
| of gauze-protected compartments, which are not encouraged by the bureau. 


E German practice resembles the American in one respect - that trolley 
-, locomotives are allowed underground. The conditions governing their operation 
_! are much more restricted than in this country, and they are little used. 


In Germany, as well as the other countries visited, alternating-—current 
equipment predominated in the mines, whereas in American mines direct current 
is used largely. 


In the United States some States have not as yet required permissible- 
motored equipment and others are very lax in their requirements, whereas in gassy 
nines in Germany it is understood that the following procedure is necessary:-- 

(1) The mine operator makes official epplication for permission to heve a motor 
for a certain use, (2) The motor manufacturer mst furnish a statement that the 
motor he is supplying is the same as the pattem that has been tested, (3) Upon 
vhe arrival at the mine the motor is dismantled and inspected by a Governnent 
inspector, (4) After the motor is installed inside the mine it is again inspected 
by a second Government inspector who issues special instruction regarding its use 
and application, 
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